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Semileptonic Ξc baryon decays in the relativistic quark model
R. N. Faustov and V. O. Galkin
Institute of Cybernetics and Informatics in Education,
FRC CSC RAS, Vavilov Street 40, 119333 Moscow, Russia
The form factors of the weak Ξc → Ξ(Λ) transitions are calculated in the frame-
work of the relativistic quark model based on the quasipotential approach. All
relativistic effects including transformations of the baryon wave functions from the
rest to moving reference frame and contributions of the intermediate negative energy
states are systematically taken into account. The explicit analytic expressions which
reliably approximate the momentum transfer q2 dependence of the form factors in
the whole accessible kinematical range are given. The calculated form factors are
applied for the evaluation of the semileptonic Ξc → Ξℓνℓ and Ξc → Λℓνℓ (ℓ = e, µ)
decay rates, different asymmetry and polarization parameters within helicity for-
malism. The obtained results are compared with available experimental data and
previous calculations.
I. INTRODUCTION
This year significant experimental progress has been achieved in studying weak decays
of the charmed Ξc baryons. Until now the absolute branching fractions of both neutral
Ξ0c and charged Ξ
+
c baryons were not measured. All decay modes were only measured
relative to Ξ0c → Ξ−π+ and Ξ+c → Ξ−π+π+ modes [1]. This fact significantly complicated
comparison of theoretical predictions with experimental data. However, recently the Belle
Collaboration presented the first measurement of absolute branching fractions of the neutral
Ξ0c baryon in three decay modes including Ξ
0
c → Ξ−π+ one [2]. Its branching fraction is
Br(Ξ0c → Ξ−π+) = (1.80 ± 0.50 ± 0.14)%. Then the absolute branching fractions of its
charged partner Ξc were also reported [3] for three decay modes including Ξ
+
c → Ξ−π+π+
with Br(Ξ+c → Ξ−π+π+) = (2.86 ± 1.21 ± 0.38)%. These results can be combined with
Ξc branching fractions measured relative to corresponding modes to get other absolute Ξc
branching fractions. Thus the experimental values of Ξc semileptonic branching fractions
can be determined.
In this paper we calculate the weak Ξc → Ξ(Λ) transition form factors in the framework of
the relativistic quark model based on the quasipotential approach and use them to evaluate
the semileptonic branching fractions of the Ξc baryon. This model was successfully applied
for studying semileptonic decays of bottom Λb [4] and Ξb [5] and charmed Λc [6] baryons.
The form factors are expressed as the overlap integrals of the baryon wave functions. The
important advantage of the employed model is the comprehensive inclusion of the relativistic
effects which allows us to explicitly determine the q2 dependence of the form factors in the
whole kinematical range, thus increasing reliability of the results. The calculated form
factors can be then used for the determination of branching fractions and other important
observables which can be measured experimentally. The results can be confronted with
previous theoretical predictions and new experimental data.
2TABLE I: Form factors of the weak Ξc → Ξ transitions.
fV1 (q
2) fV2 (q
2) fV3 (q
2) fA1 (q
2) fA2 (q
2) fA3 (q
2)
f(0) 0.499 0.371 0.329 0.492 −0.156 −0.961
f(q2max) 0.653 0.663 0.504 0.654 −0.335 −1.697
a0 0.452 0.457 0.405 0.513 −0.267 −1.089
a1 1.121 −1.645 −0.560 −0.409 1.605 2.690
a2 −5.54 4.70 −10.98 −1.32 3.55 −12.22
II. FORM FACTORS OF THE WEAK Ξc BARYON DECAYS
The weak Ξc → Ξ(Λ) transition matrix elements are parametrized in terms of six invariant
form factors [7]
〈Ξ(Λ)(p′, s′)|V µ|Ξc(p, s)〉 = u¯Ξ(Λ)(p′, s′)
[
fV1 (q
2)γµ − fV2 (q2)iσµν
qν
MΞc
+ fV3 (q
2)
qµ
MΞc
]
uΞc(p, s),
〈Ξ(Λ)(p′, s′)|Aµ|Ξc(p, s)〉 = u¯Ξ(Λ)(p′, s′)[fA1 (q2)γµ − fA2 (q2)iσµν
qν
MΞc
+ fA3 (q
2)
qµ
MΞc
]
γ5uΞc(p, s),
(1)
where MB and uB(p, s) are masses and Dirac spinors of the initial and final baryons (B =
Ξc,Ξ,Λ), q = p
′ − p.
In the relativistic quark model these form factors are expressed through the overlap
integrals of the baryon wave functions [4] which are known from the calculations of the baryon
mass spectra [8, 9]. The explicit expressions are given in Ref. [4]. They systematically take
into account all relativistic effects including transformation of baryon wave functions from
the rest to moving reference frame and contributions of the intermediate negative energy
states.
Following Ref. [5] we fit the numerically calculated form factors by the following analytic
expression
f(q2) =
1
1− q2/M2pole
{
a0 + a1z(q
2) + a2[z(q
2)]2
}
, (2)
where the variable
z(q2) =
√
t+ − q2 −√t+ − t0√
t+ − q2 +√t+ − t0
, (3)
here t+ = (MDs(D) +MK(π))
2 and t0 = q
2
max = (MΞc −MΞ(Λ))2. The pole masses have the
following values. For Ξc → Ξ transitions: Mpole ≡ MD∗s = 2.112 GeV for fV1,2; Mpole ≡
MDs1 = 2.535 GeV for f
A
1,2 and f
V
3 ; Mpole ≡ MDs = 1.969 GeV for fA3 . For Ξc → Λ
transitions: Mpole ≡ MD∗ = 2.010 GeV for fV1,2; Mpole ≡ MD1 = 2.423 GeV for fA1,2 and fV3 ;
Mpole ≡ MD = 1.870 GeV for fA3 . The fitted values of the parameters a0, a1, a2 as well as
the values of form factors at maximum q2 = 0 and zero recoil q2 = q2max of the final baryon
are given in Tables I, II. The difference of the fitted form factors from the calculated ones
does not exceed 0.5%. The form factors are plotted in Figs. 1, 2. We roughly estimate the
total uncertainty of our form factor calculation to be about 5%.
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FIG. 1: Form factors of the weak Ξc → Ξ transitions.
TABLE II: Form factors of the weak Ξc → Λ transitions.
fV1 (q
2) fV2 (q
2) fV3 (q
2) fA1 (q
2) fA2 (q
2) fA3 (q
2)
f(0) 0.414 0.337 0.246 0.409 −0.111 −0.871
f(q2max) 0.621 0.756 0.533 0.562 −0.439 −1.95
a0 0.339 0.412 0.366 0.368 −0.301 −0.924
a1 0.821 −0.290 −0.186 0.314 0.983 −0.172
a2 −2.12 −1.33 −4.08 −1.05 1.87 3.44
In Table III we compare our results for the values of form factors at q2 = 0 with previous
calculations. Results [10] are based on the light-front approach. 1 In this paper form factors
fV,A3 (0) were not evaluated. We find reasonable agreement for the form factors parametrizing
the Ξc → Ξ weak transitions, while in the case of the Ξc → Λ transition our form factors are
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FIG. 2: Form factors of the weak Ξc → Λ transitions.
1 In Table III we present the “physical transition form factors” from Ref. [10] which include overlapping
factors.
4TABLE III: Comparison of the theoretical predictions for form factors of the Ξc baryon weak
transitions at q2 = 0.
fV1 (0) f
V
2 (0) f
V
3 (0) f
A
1 (0) f
A
2 (0) f
A
3 (0)
Ξc → Ξ
present work 0.499 0.371 0.329 0.492 −0.156 −0.961
[10] 0.567 0.305 0.491 0.046
[11] 0.194 ± 0.050 0.880 ± 0.227 −1.14 ± 0.30 0.311 ± 0.081 0.373 ± 0.094 −0.771± 0.200
Ξc → Λ
present work 0.414 0.337 0.246 0.409 −0.111 −0.871
[10] 0.253 0.149 0.217 0.019
about a factor of 2 larger. In Ref. [11] the light cone QCD sum rules were employed for the
calculation of the Ξc → Ξ transition form factors. Their form factors fV1,2,3(0) parametrizing
the vector current significantly differ from our results. The central values [11] of the form
factor fV1 (0) is about 2 times smaller while those for f
V
2,3(0) are a factor of about 3 larger
than other predictions.
III. SEMILEPTONIC Ξc → Ξℓνℓ AND Ξc → Λℓνℓ DECAYS
The differential and total semileptonic decay rates, branching fractions and different
asymmetry and polarization parameters can be calculated using the decay form factors and
the helicity formalism [7]. The relation between helicity amplitudes and decay form factors
are the following.
HV,A
+ 1
2
0
=
√
(MΞc ∓MΞ(Λ))2 − q2√
q2
[
(MΞc ±MΞ(Λ))fV,A1 (q2)±
q2
MΞc
fV,A2 (q
2)
]
,
HV,A
+ 1
2
+1
=
√
2[(MΞc ∓MΞ(Λ))2 − q2]
[
fV,A1 (q
2)± MΞc ±MΞ(Λ)
MΞc
fV,A2 (q
2)
]
,
HV,A
+ 1
2
t
=
√
(MΞc ±MΞ(Λ))2 − q2√
q2
[
(MΞc ∓MΞ(Λ))fV,A1 (q2)±
q2
MΞc
fV,A3 (q
2)
]
, (4)
and the amplitudes for negative values of the helicities are obtained from the relations
HV,A−λ′,−λW = ±HV,Aλ′, λW .
The total helicity amplitude for the V − A current is given by
Hλ′, λW = H
V
λ′, λW
−HAλ′, λW . (5)
The differential decay rates and angular distributions are expressed in terms of the helicity
structures which are the following combinations of the total helicity amplitudes (5)
HU(q2) = |H+1/2,+1|2 + |H−1/2,−1|2,
HL(q2) = |H+1/2,0|2 + |H−1/2,0|2,
HS(q2) = |H+1/2,t|2 + |H−1/2,t|2,
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FIG. 3: Differential decay rates of the Ξc → Ξℓνℓ (left) and Ξc → Λℓνℓ (right) semileptonic decays.
HSL(q2) = Re(H+1/2,0H†+1/2,t +H−1/2,0H†−1/2,t),
HP (q2) = |H+1/2,+1|2 − |H−1/2,−1|2,
HLP (q2) = |H+1/2,0|2 − |H−1/2,0|2,
HSP (q2) = |H+1/2,t|2 − |H−1/2,t|2. (6)
The expression for the differential decay rate is given by [7]
dΓ(Ξc → Ξ(Λ)ℓν¯ℓ)
dq2
=
G2F
(2π)3
|Vcq|2λ
1/2(q2 −m2ℓ)2
48M3Ξcq
2
Htot(q2), (7)
where GF is the Fermi constant, Vcq is the Cabibbo-Kobayashi-Maskawa (CKM) matrix
element (q = s, d), λ ≡ λ(M2Ξc ,M2Ξ(Λ), q2) = M4Ξc +M4Ξ(Λ) + q4 − 2(M2ΞcM2Ξ(Λ) +M2Ξ(Λ)q2 +
M2Ξcq
2), and mℓ is the lepton mass (ℓ = e, µ),
Htot(q2) = [HU(q2) +HL(q2)]
(
1 +
m2ℓ
2q2
)
+
3m2ℓ
2q2
HS(q2). (8)
Substituting in these expressions the Ξc decay form factors calculated in the previous section
we obtain the differential decay rates. We plot them for the Ξc → Ξℓνℓ (left) and Ξc → Λℓνℓ
(right) semileptonic decays in Fig. 3.
Many important observables are expressed in terms of the helicity combinations (6) (see
[7] for details):
• The forward-backward asymmetry of the charged lepton
AFB(q
2) =
dΓ
dq2
(forward)− dΓ
dq2
(backward)
dΓ
dq2
=
3
4
HP (q2)− 2m
2
ℓ
q2
HSL(q2)
Htot(q2) ; (9)
• The convexity parameter
CF (q
2) =
3
4
(
1− m
2
ℓ
q2
) HU(q2)− 2HL(q2)
Htot(q2) ; (10)
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FIG. 4: Forward-backward asymmetry AFB(q
2) in the Ξc → Ξℓ+νℓ (left) and Ξc → Λℓ+νℓ (right)
semileptonic decays.
TABLE IV: Ξc semileptonic branching fractions, asymmetry and polarization parameters.
Decay Br (%) 〈AFB〉 〈CF 〉 〈PL〉 〈Pℓ〉
Ξ0c → Ξ−e+νe 1.71 −0.208 −0.519 −0.795 1
Ξ0c → Ξ−µ+νµ 1.66 −0.235 −0.436 −0.791 0.909
Ξ+c → Ξ0e+νe 6.75 −0.208 −0.519 −0.795 1
Ξ+c → Ξ0µ+νµ 6.55 −0.235 −0.436 −0.791 0.909
Ξ+c → Λe+νe 0.53 −0.266 −0.441 −0.842 1
Ξ+c → Λµ+νµ 0.52 −0.283 −0.384 −0.841 0.935
• The longitudinal polarization of the final baryon Ξc(Λ)
PL(q
2) =
[HP (q2) +HLP (q2)]
(
1 +
m2
ℓ
2q2
)
+ 3
m2
ℓ
2q2
HSP (q2)
Htot(q2) ; (11)
• The longitudinal polarization of the charged lepton ℓ
Pℓ(q
2) =
HU(q2) +HL(q2)− m
2
ℓ
2q2
[HU(q2) +HL(q2) + 3HS(q2)]
Htot(q2) . (12)
These observables are plotted for Ξc → Ξℓ+νℓ and Ξc → Λℓ+νℓ semileptonic decays in
Figs. 4-7. The predictions for the decay branching fractions and asymmetry parameters
are presented in Table IV. We calculated the decay rates using the CKM values |Vcs| =
0.995 ± 0.016, |Vcd| = 0.220 ± 0.005 [1]. The average values of the 〈AFB〉, 〈CF 〉, 〈PL〉 and
〈Pℓ〉 were obtained by separately integrating the numerators and denominators in Eqs. (9)-
(12) over q2. We roughly estimate uncertainties of our predictions for the branching fractions
to be about 10%.
Since possible violations of the charged lepton universality are now widely discussed in
the literature [12] we present predictions for the corresponding ratios for the semileptonic
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FIG. 5: Convexity parameter CF (q
2) in the Ξc → Ξℓ+νℓ (left) and Ξ→ Λℓ+νℓ (right) semileptonic
decays.
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FIG. 6: Longitudinal polarization PL(q
2) of the final baryon in the Ξc → Ξℓ+νℓ (left) and Ξc →
Λℓ+νℓ (right) semileptonic decays.
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FIG. 7: Longitudinal polarization Pℓ(q
2) of the charged lepton in the Ξc → Ξℓ+νℓ (left) and
Ξc → Λℓ+νℓ (right) semileptonic decays.
8TABLE V: Comparison of theoretical predictions for the Ξc semileptonic decay branching fractions
(in %) with available experimental data.
Decay this paper [10] [13] [14] [11] Experiment
Br(Ξ0c → Ξ−e+νe) 1.71 1.35 4.87 ± 1.74 2.4± 0.3 7.26± 2.54 5.58 ± 2.62
Br(Ξ0c → Ξ−µ+νµ) 1.66 2.4± 0.3 7.15± 2.50
Br(Ξ+c → Ξ0e+νe) 6.75 5.39 3.38+2.19−2.26 9.8± 1.1 28.6± 10.0 6.58 ± 3.85
Br(Ξ+c → Ξ0µ+νµ) 6.55 9.8± 1.1 28.2 ± 9.9
Br(Ξ+c → Λe+νe) 0.53 0.082 0.166 ± 0.018
Br(Ξ+c → Λµ+νµ) 0.52
Ξc decays involving muons and electrons
RΞ =
Br(Ξc → Ξµνµ)
Br(Ξc → Ξeνe) = 0.969± 0.010,
RΛ =
Br(Ξc → Λµνµ)
Br(Ξc → Λeνe) = 0.980± 0.010. (13)
Most of the theoretical uncertainties cancels in these ratios, thus we roughly estimate them
to be about 1%.
Theoretical predictions [10, 11, 13, 14] for the semileptonic Ξc decay branching fractions
are compared in Table V. The light-front quark model is used for the weak decay form factor
and branching fraction calculations in Ref. [10]. The predictions of Refs. [13, 14] are based
on the application of the SU(3) flavor symmetry, while the light-cone QCD sum rules are
employed in Ref. [11]. The experimental branching fractions are obtained by multiplying
the CLEO II values [15] updated by PDG [1] for the ratios Γ(Ξ0c → Ξ−e+νe)/Γ(Ξ0c →
Ξ−π+) = 3.1 ± 1.1 and Γ(Ξ+c → Ξ0e+νe)/Γ(Ξ+c → Ξ−π+π+) = 2.3+0.7−0.8 by the recently
measured by the Belle Collaboration branching fractions Br(Ξ0c → Ξ−π+) = (1.80± 0.50±
01.14)% [2] and Br(Ξ+c → Ξ−π+π+) = (2.86 ± 1.21 ± 0.38)% [3]. We find reasonable
agreement of our predictions for the CKM favored Ξc → Ξℓνℓ decays with the results of
Refs. [10, 13, 14] and experimental data, while the light-cone QCD sum rule values for
branching fractions are substantially higher and disagree with data by more than a factor
of 2 for the Ξ+c → Ξ0e+νe decay. Note that ARGUS Collaboration [16] measured the
ratio Γ(Ξ0c → Ξ−e+anything)/Γ(Ξ0c → Ξ−π+) = 1.0 ± 0.5 (the value updated by PDG [1])
which combined with Belle data [2] leads to the semi-inclusive branching fraction Br(Ξ0c →
Ξ−e+anything) = (1.80 ± 1.07)% in good agreement with our result. There is no data yet
for the CKM suppressed Ξ+c → Λℓ+νℓ decays and theoretical evaluations differ substantially.
Our prediction is about a factor of 6 larger than the light-cone quark model value [10]
and a factor of 3 larger than the SU(3) flavor symmetry result [14]. The difference for the
Br(Ξ+c → Λℓ+νℓ) with Ref. [10] originates from larger values of form factors predicted by
our model (see Table III).
IV. CONCLUSION
The relativistic quark model was used for the calculation of form factors of the semilep-
tonic Ξc transitions, both for the CKM favored Ξc → Ξℓ+νℓ and CKM suppressed Ξ+c →
9Λℓ+νℓ decays. All relativistic effects, including baryon wave function transformations from
the rest to moving reference frame and contributions of the intermediate negative-energy
states, were comprehensively taken into account. This allowed us to explicitly determine
the momentum transfer q2 dependence of the weak form factors in the whole kinemati-
cal range without additional model assumptions or extrapolations. We give the values of
parameters in the analytic expression (2) which accurately approximates the numerically
calculated form factors in Tables I, II and show the form factor q2 dependence in Figs. 1, 2.
Using the calculated form factors and helicity formalism we estimated important ob-
servables for the CKM favored and CKM suppressed Ξc semileptonic decays: differential
decay rates, branching fractions, different asymmetry and polarization parameters, which
are given in Table IV and plotted in Figs. 4-7. Our results for the branching fractions of
the Ξc → Ξℓνℓ decays are in reasonable agreement with previous calculations based on the
light-front quark model [10] and application of the SU(3) flavor symmetry [13, 14], but sig-
nificantly lower than the light-cone QCD sum rule predictions [11]. They agree reasonably
with experimental values which can be obtained combining the corresponding decay ratios
from PDG [1] and recent measurements of absolute branching fractions by the Belle Collab-
oration [2, 3]. For the suppressed Ξ+c → Λℓ+νℓ decays available theoretical predictions differ
significantly. Our model predicts larger values of the decay branching fractions than other
calculations [10, 14]. Thus their direct experimental measurement can help to discriminate
between theoretical approaches.
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